Objectives-To clarify the relation between the genetic polymorphism of ALDH2 (low Km aldehyde dehydrogenase) and toluene metabolism. Methods-The study subjects were 253 toluene workers (192 men and 61 women with an age range of 18-66). The genotypes of ALDH2 were classified by artificial restriction fragment length polymorphism into the homozygous genotype of normal ALDH2 (NN), the homozygous genotype of an inactive ALDH2 (DD), and the heterozygous genotype of normal and inactive ALDH2 (ND). The concentrations of hippuric acid (HA), the main metabolite of toluene, was determined in urine specimens of 253 toluene workers. The HA measurements in previous occupational health examinations were also referenced. The HA concentrations corrected for creatinine (HAIC) were compared with the biological exposure index (BEI) for toluene, which is 2*5 gig creatinine.
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To estimate the toluene exposures, urinary o-cresol concentrations were also determined and compared with another BEI for toluene-that is, 1-0 mg urinary o-cresollg creatinine.
Results-Incidence of each genotype in the toluene workers was almost the same as that in non-exposed controls who lived in the same area as the toluene workers. The incidence of each of the three genotypes also did not differ by smoking habit. Mean urinary HA concentrations were not significantly different in the groups with the different genotypes of ALDH2. The HA concentrations of >70% of the 890 total samples were <1 0 gil. The number of urine samples >3-0 gil was 28 (5.4%) in the NN group and 19 (6-4%) in the ND group. No urine samples in the DD group were >3 0 gil HA. The distribution of urinary HA in the DD group was significantly different from those in both the NN and ND groups (P < 0O05). Seven (4.9%) of the 136 total specimens in the NN group and four (4.7%) of the 82 total specimens in the ND group exceeded the BEI. There were, however, no urine specimens that exceeded the BEI in the DD group. The maximum HA concentration after correction for creatinine in the DD group was 1-86 gig creatinine. The percentages of urine specimens in which o-cresol concentrations exceeded this BEI were 14-3% in the NN group, 9-1% in the ND group, and 15-4% in the DD group. Therefore, the exposure rate for all three genotypic groups of workers was almost the same.
Conclusions-The HA concentrations of toluene workers with ALDH2 DD genotype were lower than those of the NN and ND genotypes when they were exposed to relatively high concentrations of toluene. The exposures of the DD group were suspected to be underestimates because they were based on the BEI for the NN genotype.
( To confirm the reliability of the aRFLP method, ALDH2 genotypes of 42 samples were determined with an alternative method based on the use of dideoxy guanosine triphosphate (ddGTP). At first 135 base pairs, including the region of the point mutation, were amplified by PCR. A second PCR was performed in a mixed solution of dCTP, dTTP, dATP, ddGTP, first PCR product, and the third primer, which was 5-25 bases upstream from the position of the mutation. Because the DD gene has a mutation from G to A, the polymerisation does not end at the mutation position. Differences in the lengths of synthesised oligonucleotides that were subjected to denaturing polyacrylamide gel electrophoresis, indicated the ALDH2 genotypes, as previously reported. Differences in the HA concentrations were examined by Student's t test and analysis of variance (ANOVA) after log transformation of the urinary HA concentrations, which showed a log normal distribution. The incidence of the genotypes was examined by the x2 test.
Results
The reliability of the aRFLP method used in the study was compared with the dideoxy GTP method (table 1) . The ALDH2 genotypes determined by the two different methods corresponded completely. Therefore, we concluded that the aRFLP method of Harada was useful for this study.' Table 2 shows the gene frequencies of ALDH2 genes. The frequency of the normal ALDH2 gene (N) was 0-763 and the inactive gene (D) was 0-237 in male toluene workers; in female workers, they were 0-697 and 0 303; the difference between the sexes was not significant. The gene frequencies in toluene workers were compared with those in the nonexposed control group and students. The incidence of each genotype in the toluene workers was not significantly different from those in the non-exposed control group and in students.
The relation between the ALDH2 genotype and smoking was also studied. Table 3 shows that the incidence of each genotype in smokers and non-smokers was almost the same, and the ALDH2 polymorphism did not seem to relate to the smoking habit.
Of 890 HA measurements, 608 samples were analysed at a UOEH laboratory and the others were measured at two laboratories not the UOEH laboratory. To study the reliability of the results from the three different laboratories, 20-33 samples were cross checked by the UOEH laboratory and the two other laboratories. Good agreement between the laboratories was found and no systematic errors were noted in any laboratory. Thus, no correction factors between laboratories were used. Table 4 shows the urinary HA concentrations by sex, smoking, and ALDH2 genotype. The urinary HA concentrations in female workers were significantly higher than in male workers. There was, however, no significant difference by sex after correction for the creatinine content. Urinary HA concentrations did not differ by smoking, either with or without correction for creatinine. The urinary HA concentration in the female DD group was significantly lower than in the ND and NN groups. The HA concentrations in male workers did not differ by ALDH2 genotypes, Table 5 shows the distribution of urinary HA concentration by the ALDH2 genotype. More than 70% of the total urine samples from male and female workers contained < 1 0 g/l HA. The number of urine specimens that were >3-0 g/l HA was 24 (5 7%) in men in the NN group and 14 (6-6%) in men in the ND group. There was no urine specimen in which the HA concentration was 3 0 g/l in men in the DD group. The distribution of urinary HA in men in the DD group was significantly different from that in men in the NN and ND groups (P < 0 05). In the women, all specimens from DD type workers had HA concentrations from 0-1 0 g/l.
Creatinine concentrations were measured in 237 urine specimens. The HA concentrations corrected for creatinine (HA/C) were compared with the biological exposure index (BEI) of toluene, which was 2-5 g/g creatinine.'0 Seven (4.9%) of the 136 specimens in the NN group and four (4.7%) of the 82 specimens in the ND group exceeded the BEI. There were no samples that exceeded the BEI in the DD group. The maximum HA concentration in the DD group was 1 86 g/g creatinine. Although the number of workers in the DD group was too small to give a significant difference, HA/g creatinine in the DD group seemed to be lower than that in the NN and ND groups.
The figure shows the urinary o-cresol concentration by ALDH2 genotype. The urinary o-cresol concentrations in workers who belonged to any of the three ALDH2 genotypes were almost the same. The number of specimens > 05 mg o-cresol/g creatinine was 27 (25-4%) in NN, 12 (18-2%) in ND, and three (23-1%) in DD groups. The number of specimens >1.0 mg o-cresol/g creatinine was 15 (14 3%) in the NN, six (9-1%) in the ND, and two (15A4%) in the DD group. Therefore, the percentage of workers exposed to high (above threshold limit value (TLV)) concentrations of toluene was almost the same in the three genotypes. 
Discussion
There are several methods to detect point mutations. A method suitable for an epidemiological study must be easy, rapid, reliable, and inexpensive. Genomic DNA samples extracted from a large number of people may not be identical in quantity and quality. The present aRFLP method permitted the determination of ALDH2 genotype from genomic DNA in various conditions, including a low recovery rate of DNA, limited extraction, and impure DNA. The method had to be used to determine the genotype of so many people in such a short period.
Good agreement was obtained in the cross check of measurements of HA concentration between three laboratories. The reasons for the analytical consistency include the following: all three laboratories measured HA by the same method; an official survey for quality control of occupational health examinations is required in Japan' 1; and the three laboratories participated in a voluntary meeting every month to improve the measuring accuracy by the institutes (Society for Improvement of Accuracy and Precision in Occupational Health Examination).
Our study was based on the hypothesis that decreased biotransformation of toluene due to ALDH2 polymorphism might be responsible for the increased sensitivity to toluene of certain workers: workers with a susceptible genotype ought not to continue to handle toluene: the incidence of such ALDH2 genotypes in toluene workers is predicted to be less than that found in controls. The frequencies of the three ALDH2 genotypes (NN, ND, and DD) in the toluene workers were, however, almost the same as in the non-exposed control group. Thus, it was impossible to conclude whether ALDH2 polymorphism is related to individual sensitivity to toluene. Because the occupational exposure to toluene is not high in Japan (at the most 100-150 ppm, 370-570 mg/mi), it is not expected to affect health. The toluene exposure in glue sniffing, however, may be >1I 0%, and the frequencies of ALDH2 genes in people addicted to glue sniffing may differ from those in a group of controls.
In the distribution study, >70% of the total HA measurements were <1 -0 g/l. Kawamoto et al found that urinary HA concentrations ranged from 0-02-2-13 g/l (geometric mean (SD) 0134 (2 52)) in non-exposed university students."2 Urinary HA concentrations were increased not only by toluene exposure but also by the intake of food containing benzoic acid-for example, strawberries, plums, etc. The toluene exposure of most of our study subjects was assumed to be negligible. Subjects in our survey were toluene workers who were required to have a special health examination because of their work with an organic solvent (toluene). The selection criteria for the special health examination included workers who did not handle the solvent but who worked in a room where toluene was used, and also workers who handled toluene only a few times a week or a month, and who did not use toluene on the day of the health examination.
It was suspected that the toluene exposure in the DD group was lower than in the NN or ND groups, even though we had shown that the HA and HA/g creatinine of urine specimens from the DD group were not >3 0 g/l and 2-0 g/g creatinine. Although about 80% of absorbed toluene is converted to HA and is excreted in the urine, a small amount of toluene is converted to o-cresol. '3 The metabolism from toluene to o-cresol is catalysed by the microsomal mixed function oxidase system, and dehydrogenation by ALDH is not involved in this transformation. Woiwode et al had previously reported that ocresol in urine was suitable for monitoring exposure to toluene. 4 To estimate the exposure to toluene, urinary o-cresol was measured by gas chromotography-mass spectrometry. 
